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Renin release in anesthetized rats
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Ream release in anesthetized rats. Rat renin substrate was
prepared from the serum of nephrectomized rats. Rat plasma
(0.02 ml) was incubated with excess substrate, and the generated
angiotensin I was measured by radioimmunoassay. The follow-
ing measurements, in addition to arterial and renal venous
plasma renin activities, were made in pentobarbital-anesthetized
rats on normal and low sodium diets: renal plasma flow, renin
release rate, glomerular filtration rate, plasma sodium concen-
tration and excretion rates of water and sodium. Renal renin
release was increased in rats on a low, as compared to a normal,
sodium diet. Administration of mannitol, isotonic saline or
subpressor amounts of antidiuretic hormone (Pitressin) acutely
decreased renin release in rats receiving the low sodium diet.
Furosemide administration stimulated renin release. These
findings extend similar observations made in other species.
Liberation de rénine chez le rat anesthésié. Du substrat rCnine
de rat a été prCparC a partir du plasma d'animaux néphrectomi-
sés. Du plasma de rat (0,02 ml) a été incubé en presence d'un
excés de substrat et l'angiotensine I gCnérée a Cté mesurCe par
radio immunologic. Les paramCtres suivants, outre les activités
refine artCrielle et veineuse, ont Cte mesurés chez des rats
anesthCsiés au pentobarbital préalablement soumis a tine alimen-
tation normale ou pauvre en sodium: debit plasmatique renal,
debit de liberation de rénine, debit de filtration glomérulaire,
concentration du sodium plasmatique, debits d'excrétion de l'eau
et du sodium. La liberation rénale de refine était comparative-
ment plus grande chez les animaux soumis a une alimentation
pauvre en sodium. L'administration de mannitol, de chlorure de
sodium isotonique ou de doses non pressives d'hormone anti-
diurétique (Pitressine) a diminuC brusquement Ia liberation de
refine chez les rats soumis au régime pauvre en sodium. L'ad-
ministration de furosémide a stimulé Ia liberation de refine. Ces
constatations corroborent celles faites dans d'autres espèces.
The aims of these experiments were a) to develop
methods for measuring renin release rates in rats and b) to
define some experimental conditions during which renin
release rate is changed, either acutely or chronically, as
compared to previous observations on renin release in dogs.
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Methods
Two groups of male Sprague-Dawley rats were used.
The control group had continuous access to commercially
prepared rodent food (Purina Lab Chow; 0.45% sodium
by weight) and tap water. Sodium-free food (Sodium Def i-
cient Diet, Rat Modified; Nutritional Biochemicals) re-
placed Purina Lab Chow for the "sodium deprived" group.
Each animal was exposed to one of these treatments for a
minimum of two weeks before being used in an experiment,
but no attempt was made to monitor sodium balance in
the animals.
Pentobarbital sodium (45 mg/kg of body wt) was ad-
ministered via a tail vein. A carotid and femoral artery and
a jugular vein were catheterized with polyethylene tubing
(PB-SO). The left kidney and ureter were exposed through
a midline abdominal incision. The ureter was catheterized
with PE-50 previously drawn to a fine tip. The right ileo-
lumbar vein was ligated, and a PE-50 catheter was inserted
and manipulated into the left renal vein via the vena cava.
Arterial blood pressure was monitored via the femoral
artery catheter with the use of a pressure transducer and
a polygraph. Readings each minute were averaged to obtain
the values presented in Results.
All animals received an intravenous priming injection
containing 10 itCi of 3H-PAH and 2.1 mg of inulin in iso-
tonic saline solution followed by a sustaining intravenous
infusion of 0.36 LLCi of 3H-PAH and 0.2 mg of inulin in
0.05 ml of isotonic saline/mm. During the 45-mm equilibra-
tion period that followed, several boli of 2% lissamine
green were given (total volume, 0.25 to 0.4 ml), as is often
done during renal micropuncture experiments. A 45-mm
clearance period was then begun, at the midpoint of which
approximately 0.35 ml of blood was withdrawn from the
carotid artery and the renal vein into ice-cold plastic
syringes.
Following the first clearance period, several different
protocols were followed. The rate and composition of the
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infusion were unchanged for the control group of rats.
The substance infused and rate of infusion of sodium-
deprived rats were changed to one of the following: iso-
tonic saline, 0.2 mI/mm; 10 mEq/liter of NaCI and 5 mEq/
liter of KCI in 10% mannitol, 0.2 mI/mm; or 5 mU/mm of
antidiuretic hormone (Pitressin Injection, Parke Davis) in
isotonic saline, 0.2 ml/min. Twelve rats received an initial
intravenous dose of 5 mg of furosemide (Lasix, Hoechst
Pharmaceuticals) and an infusion of this drug of 0.1 mg/mm
in 0.2 ml of isotonic saline. Appropriate corrections of
PAH and inulin concentrations of the infusate were made
to account for changes in infusion rates. A second 45-mm
clearance period was begun 45 mm after the infusions just
detailed were begun, and while they continued.
Blood samples were centrifuged immediately at 4°C.
Duplicate 0.02-ml aliquots of each plasma sample were
pipetted into small polyethylene tubes which were kept on
ice as 0.001 ml of 1.2 N HCI was mixed in. The acidifica-
tion irreversibly inactivates a renin inactivator in rat
plasma [1]. Thirty minutes later, 0.001 ml of 0.6 N NaOH
was mixed in. The tubes were then frozen until incubation
could be completed.
Rat renin substrate was prepared using modifications of
a previously described method [2, 3]. First, we agitated
and then centrifuged the serum and celite, rather than
filtering the serum through a celite column. Second, we
added EDTA to the substrate during dialysis. Third, we
replaced H2S04 with HCI for pH adjustments. Fourth,
we reduced the dialysis time to 24 hours. Finally, we did not
add NaC1 to the phosphate buffer.
Before use, 0.01 ml of 0.34 M 8-hydroxyquinoline sulfate
and 0.002 ml of 10% Dimercaprol in benzyl benzoate were
added to each ml of renin substrate. To each plasma sample,
0.1 ml of the substrate mixture was added and incubated
for 4 hours at 37 to 38° C. The tubes were placed in boiling
water for 5 minutes and then centrifuged, and the super-
natant was analyzed for angiotensin I by the Schwarz/Mann
protocol (Schwarz/Mann Division of Becton, Dickinson and
Company, Orangeburg, New York 10962; Renin Activity
Radioimmunoassay Kit). The results were calculated as
ng of angiotensin I/mI of plasma/hour of incubation.
The radioactivity of plasma and urine was determined
in duplicate using a liquid scintillation counter (Packard
Tricarb). Extraction of PAH and renal plasma flow (RPF)
for the left kidney was calculated as previously described [4].
Data from the few rats with PAH extraction less than
65 % were excluded. Sodium concentration was determined
in duplicate using a flame photometer (Instrumentation
Laboratories) with an internal lithium standard. Inulin was
determined in duplicate by the diphenylamine method of
Harrison [5].
Results
To validate the renin method, I ml of substrate and
0.2 ml of purified hog renin (Nutritional Biochemicals;
prepared in isotonic saline at 0, 50, and 100 Goldblatt
U/liter) were incubated together. Six tubes were prepared
for each renin concentration. At hourly intervals for four
hours, duplicate aliquots were removed from each incuba-
tion tube and angiotensin was determined. Fig. I shows the
relationship between time and angiotensin I generation for
renin concentrations of 50 and 100 Goldblatt U/liter. The
linearity suggests that excess substrate was present even
when renin concentrations were an order of magnitude
greater than those expected in rats anesthetized with pento-
barbital [6].
The first and second clearance periods in control rats
are compared in Table 1. There was no statistically signifi-
cant change in any measurement. These data indicate that
neither time nor the volume of blood withdrawn for anal-
yses appreciably affected the indexes.
Table 2 depicts the effects of changing dietary sodium
content. For control rats, the means of two consecutive
clearance periods are presented. For chronically sodium-
deprived rats, the values presented were obtained during
the first clearance period. Sodium deprivation did not
affect plasma sodium concentration, glomerular flow rate
(GFR), or RPF. Sodium excretion was reduced, and all
renin related indexes were increased, by sodium deprivation.
Tables 3 and 4 show the effects of saline and mannitol
diureses on several indexes in sodium-deprived animals.
Neither saline nor mannitol infusion caused a change in
RPF or GFR, but each caused increased urine flow and
sodium excretion. Mannitol, but not saline infusion, caused
a significant change in plasma sodium concentration. Both
diuretics decreased renin release rate.
Data from the sodium-deprived group given both saline
and vasopressin are presented in Table 5. The GFR, RPF,
and mean arterial blood pressure were not affected by this
manipulation. One rat of five did not respond as did the
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Fig. 1. Generation of angiotensin I during 4 hours of incubation.
Each point is the mean SEMof 6 incubated tubes analyzed in
duplicate. Not shown: with no renin added, values after 1, 2, 3
and 4 hours were 0.060 0.005, 0.070 0.004, 0.070 0.003,
and 0.130 0.011 ng of angiotensin 1/0.02 ml, respectively.
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Table 1. Comparison between clearance periods in control ratsa
First period Second period
Renal plasma flow (RPF)
mi/mm/kg of body WI
Inulinclearance (GFR)
mi/mm kg of body wt
Arterial renin activity (A renin) 11 4 (7)
ng angiotensin I/mi/hr
Renal venous minus arterial renin (RV-A renin) 4.4 2.0 (7)
ng of angiotensin I/mi/hr
Renin release rate (RPF) (RV-A renin) 37 32 (5)
ng of angiotensin I/mm/hr/kg of body wt
Plasma sodium concentration ('>Na) 150 2 (7)
mEq/ liter
Urine flow rate (V) 34 8 (7)
p1/minI kg of body wt
Sodium excretion rate (UNaV) 7.0 1.9 (7)
pEq/mmn/kg body WI
a Values are means SEM. Numbers of observations are in parentheses. Except for A renin and 'DNa' values are for the left kidney only.
Intravenous infusion was 0.05 mI/mm of isotonic saline throughout both periods.
Table 2. Effects of chronic sodium deprivation a
Control Sodium deprivation
328 18 (7) <0.01
g
RPF 13.8 1.7 (7) NSb
mi/mm/kg ofbody wt
GFR 3.6 0.2 (7) NS
mi/mm/kg of body wt
Arenin 9.70 3.25 (7) <0.02
ig of angiotensin I/mi/hr
RV-A renin
ng of angiotensin 1/ mi/hr
RPF (RV-A renin)
ng of angiotensmn I/mm/hr/kg of body wi
150 2 (7) NS 147 2 (24)
33 8 (7) NS 24 4 (23)
p1/mm/kg of body wt
UNaV 7.2 1.7 (7) <0.01
pEq/min/kg of body wt
a See Table 1 for abbreviations. Values are means SEM. Number of observations are in parentheses. Except for A renin and Na'
values are for the left kidney only. Intravenous infusion was 0.05 mI/mm of isotonic saline in both groups. The unpaired f test used
to determine level of significance.
b P>0.05.
others with respect to arterial renin activity and renal release. This decrease was greater than that associated with
arteriovenous renin difference. When the data from this rat saline diuresis alone (P< 0.05).
are excluded, the average paired decreases in these indexes The increases in renin-related indexes seen in sodium-
were 156 35 (sEM) and 78 23 ng of angiotensin I/mI/hr. deprived rats were quite variable, as can be seen by corn-
respectively. In all five rats, vasopressin administration was paring values in Table 2 with values during the first clear-
associated with a significantly decreased rate of renin ance periods in Tables 3 through 5. The deprived rats used
13 2 (5)
3.9 0.5 (7)
14 2 (7)
3.3± 0.2 (7)
8 3 (7)
4.3± 2.9 (7)
54 (7)
150 2 (7)
32 8 (7)
7.4± 1.7 (7)
Body weight 246 7 (24)
11.8± 1.2 (21)
3.6± 0.3 (23)
109.3 20.8 (22)
46.8± 11.4 (21)
554 79 (20)
Na
mEq/liter
V
4.3 2.2 (7) <0.05
40 (7) <0.01
1.9± 0.6 (23)
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Table 3. Effects of saline diuresis in sodium deprived rats a
Control period Diuretic period
RPF 12 2 (8) NSb
mi/mm/kg of body wt
GFR 3.5± 0.5 (8) NS
mi/mm/kg of body wt
A renin 125 40 (8) <0.05
ngof angiotensin I/mi/hr
RV-Arenin
ng of angiotensin 1/mi/hr
RPF (RV-A renin)
ng of angiotensmn I/mm/hr/kg of body wt
151 3 (8) NS 151 2 (6)
17 3 (8) <0.02 82 16 (5)
p1/mm/kg of body wt
UNaV 0.9± 0.6 (8) <0.02
pEq/min/kg of body wt
a See Table 1 for abbreviations. Values are means SEM. Number of observations are in parentheses. Except for A renin and DNa'
values are for the left kidney only. Isotonic saline was infused intravenously at 0.05 mI/mm during the control period and at
0.2 mi/mm during the diuretic period. The paired t test was used to determine level of significance.
b NS; P>0.05.
Table 4. Effects of mannitol diuresis in sodium-deprived rats a
Control period Diuretic period
RPF 9.1± 1.8 (7) NSb 9.5± 1.6 (7)
mi/mm/kg of body wt
GFR 3.1± 0.5 (8) NS
mi/mm/kg of body wt
Arenin 50 (9) <0.01
ngof angiotensin i/mi/hr
RV-Arenin
ng ofangiotensin I/mi/hr
RPF (RV-A renin)
ng of angiotensin I/mini/zr/kg of body wt
p//mm/kg of body wt
UNaV 3.3± 1.4 (8) <0.01
pEq/min/kg of body wt
a See Table 1 for abbreviations. Values are means SEM. Number of observations are in parentheses. Except for A renin and DNa'
values are for the left kidney only. Isotonic saline was infused intravenously at 0.05 mI/mm during control period and 10% mannitol,
10 mEq/liter of NaCI, 5 mEq/liter of KCI at 0.2 mI/mm during the diuretic period. The paired (test was used to determine level of
significance.
b NS; P>0.05.
for the mannitol experiments (Table 4) had particularly Discussion
low renin indexes. The method of estimating plasma renin activity described
Table 6 reveals that there was no change in RPF, GFR, herein is basically the same as a previously described
or plasma sodium concentration when rats received furo- method in which plasma was incubated with excess angio-
semide. Furosemide administration increased urine flow tensinase-free rat renin substrate [2, 7]. However, we not
and sodium excretion and all renin indexes, only added EDTA, Dimercaprol, and 8-hydroxyquinoline
"Na
mEq/iiter
V
12 2 (5)
4.2± 0.5 (6)
60 (6)
3.2± 1.0 (6)
41 (5)
41.9± 10.2 (8) <0.05
450 114 (8) <0.05
14.0± 3.6 (6)
'Na
mEq/iiter
V
2.5± 0.3 (9)
29 5 (9)
3.3± 1.0 (7)
25 8 (7)
7.1± 1.6 (8) <0.05
46 9 (7) <0.05
147 3 (9) <0.01 130 5 (9)
31 9 (8) <0.01 446 33 (9)
28.4± 4.1 (9)
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Table 5. Effects of vasopressin in sodium-deprived rats a
Control period Vasopressin period
RPF 15 2 (6) NSb 12 2 (6)
mi/mm/kg of body WI
GFR 4.3± 0.3 (7) NS 3.9± 0.5 (7)
mi/mm/kg of body wt
Arenin 191 42 (5) NS 101 43 (5)
ng of angiotensmn I/mi/hr
RV-A renin 115 47 (5) NS 130 131 (5)
ng of angiotensin I/mi/hr
RPF (RV-A renin) 1439 527 (5) <0.02 525 563 (5)
ng of angiotensin I/minI/zr/kg of body wI
'Na 142 2 (7) <0.01 148 1 (7)
mEq/iiter
V 23 4 (7) <0.01 138 29 (7)
p//minI kg of body WI
UNaV 1.4± 0.4 (7) <0.01 23.0± 4.8 (7)
pEq/min/kg of body wI
Arterial blood pressure 129 7 (7) NS 122 5 (7)
mm Hg
a See Table I for abbreviations. Values are means SEM. Number of observations are in parentheses. Except for A renin and Na'
values are for the left kidney only. Isotonic saline was infused intravenously at 0.05 ml/min during control period and 25 mU of
vasopressin/mi of isotonic saline at 0.2 mI/mm during the vasopressin period. The paired (test was used to determine level of signifi-
cance.
b NS; P>0.05.
Table 6. Effects of furosemide a
Control periodb Diuretic period
RPF 8.4± 1.5 (9) NSC 7.6± 0.7 (10)
mi/mm/kg of body WI
GFR 2.2± 0.3 (12) NS 1.9± 0.2 (12)
mi/mm/kg of body WI
Arenin 15 (10) <0.01 25 4 (10)
ng of angiotensmn I/mi/hr
RV-ARenin 3.2± 1.0 (9) <0.05 6.3± 2.4 (10)
ng of angiotensmn I/mi/hr
RPF (RV-A renin) 32 9 (8) <0.02 54 15 (9)
ng of angiotensin I/mini/zr/kg of body WI
"Na 151 1 (12) NS 150 1 (12)
mEq/imter
V 11 (12) <0.01 389 (12)
p//mm/kg of body w
UNaV 2.1 0.6 (12) <0.01 57.4± 7.0 (12)
pEq/mmn/kg of body WI
a See Table 1 for abbreviations. Values are means SEM. Number of observations are in parentheses. Except for A renin and "Na'
values are for the left kidney only. Isotonic saline was infused intravenously during the control period at 0.05 mI/mm. During the
diuretic period, an initial priming dose of 5 mg furosemide; isotonic saline with 0.5 mg of furosemide/ml was infused at 0.2 mI/mm.
The paired t test was used to determine level of significance.
b These rats received 0.9% NaCI to drink instead of tap H20 for 2 to 4 weeks before the experiments.
C
to ensure that angiotensin I was the incubation product, a tenfold reduction in the volume of plasma required for
but also determined the amount of the latter generated by the assay. Though there are no data with which to corn-
radioimmunoassay. This substitution for bioassay allowed pare our renin secretion rate values, the arterial renin
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values we observed in control rats (10± 3 ng of angio-
tensin/ml/hr) compare well with those previously reported
for rats anesthetized with pentobarbital [8, 9].
Measurement of renal renin release rate requires deter-
mination of RPF and arterial and renal venous plasma
renin activities.1 However, the use of methods which
require minimal amounts of blood is imperative, especially
in the rat, since severe hemorrhage will stimulate renin
secretion [2, 10]. Our data show clearly that the blood
sampling itself had no effect on renin secretion rate, nor
on any other index measured.
Although we observed considerable variability in renin
release rates, particularly in the sodium-deprived groups,
our data support the hypothesis that renin secretion rate
and sodium balance are inversely related [10—14]. No at-
tempt was made to monitor sodium balance, but the
excretion data suggest that, on the average, the rats receiv-
ing a low sodium diet were in a relatively sodium-deprived
state. Variations in degree of sodium deprivation may ex-
plain the observed variations in renin release rate. In addi-
tion, anesthesia may also have played a role in producing
the variations [7].
Induction of mannitol diuresis in sodium-deprived rats
resulted in decreased arterial renin, renal arteriovenous
renin difference and renin release. Previous studies by others
have shown that mannitol will not reduce renal vein renin in
anesthetized dogs [15] or rats [16] unless it is initially high.
In the former study, mannitol reduced or reversed the in-
crease in renal venous renin which normally follows reduction
in renal perfusion pressure. Although no renin release data
in normal rats given mannitol are available, the observa-
tions just mentioned suggest that when renin secretion is
not first stimulated and is therefore at the control level,
mannitol might have no, or an undetectably small, inhibi-
tory effect on it.
Saline diuresis also inhibited renin release in sodium-
deprived rats. Whether this manipulation will produce the
same effects in a control rat remains to be determined.
Saline, like mannitol, may have a detectable inhibitory
effect only when renin secretion is high initially [15].
Further, antidiuretic hormone inhibits renin secretion [17]
and lowers plasma renin concentration [18, 19] in the dog.
We have shown that in the anesthetized, salt-deprived rat,
subpressor doses of vasopressin not only inhibit renin
release, but also inhibit it more than saline diuresis alone.
Determination of true renal secretion rate would require
simultaneous measurement of renin output (in blood, lymph,
and, possibly, urine), renin input in arterial blood, and, pos-
sibly, renin inactivation within the kidney. Horky et at [9[ re-
port that renal lymph renin is no greater than renal arterio-
venous renin difference. Lymph flow rate is less than renal
plasma flow rate by a factor of iO. The amounts released into
blood and lymph must then differ by this factor. As long as
urine and lymph flow rates are small in comparison with RPF,
net secretion rate is closely approximated by the product of
RPF and renal arteriovenous renin difference, renin release rate.
Finally, furosemide stimulated renin release. This extends
the findings of others in rats [9], dogs [20] and rabbits [21].
In conclusion, we have modified previously described
methods and applied these to the measurement of renal
renin release in anesthetized rats previously subjected to
dietary sodium manipulation. Release rate was high in
rats exposed to a low sodium diet. Infusions of mannitol,
isotonic saline and vasopressin inhibited renal renin release,
while furosemide stimulated it. Our studies confirm in the
rat the effects of these manipulations on renin release
shown in other species and substantiate the effect on it, in
the rat, suggested by peripheral or renal venous concentra-
tions in this species.
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